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Why did the First Farmers Toil?  































farmers  worked  harder  to  attain  subsistence  than  their  foraging  predecessors.  This 
makes  the  adoption  of  agriculture  in  the  Stone  Age  one  of  the  major  curiosities  in 
human cultural history. Theories offered by economists and economic historians largely 
fail  to  capture  work‐intensification  among  early  farmers.  Attributing  a  key  role  to 
human metabolism, this study provides a simple framework for analysing the adoption 
of agriculture. It demonstrates how the additional output that farming offered could 
have  lured  people  into  agriculture,  but  that  subsequent  population  increase  would 
eventually have swallowed up its benefits, forcing early farmers into an irreversible trap, 






























view, the  first  agriculturalists  are now  believed  to  have  put  in more rather  than  less  labour  to  attain 





















































  The  paper  continues  as  follows.  Section  2  provides  a  simple  framework  for  analysing  agricultural 
adoption. Section 3 analyses the transition to agriculture and explores the effects of agricultural adoption 
on demography, productivity and hours worked. The framework’s predictions are then used to see if some 













  As  might  have  been  the  case  for  all  pre‐industrial  societies  (Clark  2007),  the  economy  under 
consideration  is  assumed  to  be  subject  to  so‐called  Malthusian  population  dynamics.  Such  dynamics 
involve  the  combination  of  two  elements.  The  first  element  is  the  law  of  diminishing  returns.  In  the 
presence  of  a  fixed  factor  of  production,  such  as  land,  the  application  of  this  law  implies  that  any 


































































The  third  and  finally  relationship—that  between  an  individual’s  caloric  surplus  and  its  reproductive 
success—is captured as follows. Suppose that the reproductive success of an individual is ‘checked’ (in a 
Malthusian  sense)  by  the  size  of  its  caloric  surplus  (its  caloric  output  minus  its  caloric  requirements). 


















































































  Compared  to  the  Malthusian  equilibrium  before  the  origins  of  agriculture  (Figure  1),  the  new 
Malthusian equilibrium  (Figure 3) is one of mixed activities. That  is,  a  share of the individual’s caloric 



































  In  the  analysis  above,  farming  was  adopted  immediately  after  it  became  economically  viable, 
suggesting that agriculture emerged out of opportunity. The underlying reason for this, of course, has to do 





































Estimates  of  annual  average  rates  of  growth  of  population  before  and  after  farming,  based  on  data 













  Attributing  a  key  role  to  human  metabolism,  this  study  demonstrates  how  the  extra  output  that 









































































































In order to ﬁnd the level of (total factor) productivity in agricultural required to make
farming economically viable, we ﬁrst need to calculate the number of hours worked per
individual in a Malthusian equilibrium. Then, we need to compute the population level that
can be supported in a Malthusian equilibrium before the origins of agriculture. Once we
have this information, we then can determine the level of agricultural productivity needed
to generate a non-negative caloric surplus from using farming.
How much work do people do in a Malthusian equilibrium? Each invidual allocates a
number of hours to work, so that the marginal beneﬁts of working equals the marginal costs
hereof, i.e. until ∂wi/∂l = ∂v/∂l for i ∈ {H,A}. Calculating the derivatives, it follows that










Suppose that the number of calories require to ensure the survival of exactly one oﬀspring
is δ>0. In a Malthusian equilibruim, therefore, the caloric surplus of each individual is
s = δ, meaning that, before the origins of agriculture,
sH = wH (lH,L H,B H) − βlH − RMR = δ.
Inserting income from hunting, as well as equation (1), and solving for LH ,w eﬁnd that the












Hence, starting from a Malthusian equilibrium before agricultural adoption, farming is
economically viable if it yields a non-negative caloric surplus, i.e. if
sA = wA (lA,L H,B A) − βlA − λ > 0
1Inserting agricultural income, as well as equations (1) and (2), and solving for BA,t h el e v e l








In order to calculate the share of labour and income coming from hunting activities, we need
to know the level of population in a Malthusian equilibrium after agriculture has emerged
(subscript H+A). This can be calculated using the information that the total caloric surplus
of each individual is given by
s = sH + sA = wA (lH,L H+A,B H)+wA (lA,L H+A,B A) − β (lH + lA) − λ − RMR = δ.
Inserting incomes from the two sectors, as well as equations (1) and (2), and solving for















λ + RMR + δ
(4)
where the variable r deﬁnes the ratio of productivity in the two sectors, i.e. r ≡ BA/BH.
Next, using equations (1), (2) and (4), we can now calcutlate the share of total invidi-
vidual labour input allocated to hunting, which is
lH (lH,L H+A,B H)






















Similarly, the share of total individual income coming from hunting activities is simply
wH (lH,L H+A,B H)


















It follows that the fraction of income coming from hunting, as well as the share of labour
allocated to hunting activities, decrease in r once agriculture is adopted.
21.3 A3
In order to compare the labour input of a forager (someone who uses hunting exclusively) to
that of a farmer (someone who uses mixed activities), we need to know the respective labour
input per individual in a Malthusian equilibrium. Inserting equation (2) into (1), it follows
that the labour input of a forager in a Malthusian equilibrium is
lH (lH,L H,B H)=
α(RMR + δ)
β (1 − α)
.
By comparison, using the same calculation procedure, the labour input of a farmer is
lH (lH,L H+A,B H)+lA (lA,L H+A,B A)+λ =
α(λ + RMR + δ)
β (1 − α)
+ λ.
It thus follows that farmers, in a Malthusian equilibrium, work more hours than foragers
provided that λ>0, i.e. that there are ﬁxed costs associated with the use of agriculture.
Similarly, it can be varieﬁed that agriculturalists have higher incomes then hunters, i.e. that
wH (lH,L H+A,B H)+wA (lA,L H+A,B A) >w H (lH,L H,B H),
as long as λ>0.
Finally, comparing equations (2) and (4), it follows that a society of farmers have higher
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